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Abstract
The purpose of this project is to evaluate whether Google Translate can be used to
accurately translate discharge instructions from English to Spanish, and whether native speakers
prefer translations provided by a certified interpreter or Google Translate upon leaving the
Emergency Department. In order to study this question, 211 patient charts with discharge
instructions in English were translated by a certified human interpreter and by Google Translate;
then, those translations were analyzed by two independent reviewers who counted the number of
errors in each translation. The human translations contained substantially less errors than those
provided by Google Translate, and the reviewers overwhelmingly preferred the human-translated
instructions as opposed to those translated using Google Translate. However, there were some
discrepancies in inter-rater reliability between the two reviewers, so the data obtained in this
phase of the study was not entirely statistically significant for each error type.
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Introduction
Since the enactment of Title VI of the Civil Rights Act of 1964, hospitals that receive
federal funding have been legally required to avoid discrimination against patients and their
families based on race, color, national origin, and by extension, preferred language (U.S.
Department of Justice 2016). Consequently, recent focus has been devoted toward implementing
language interpreting services for patients with limited English proficiency (LEP). Most large
hospitals have adopted interpreting services, whether in the form of live, telephone-based, or
video-based interpreting. Previous research has shown that the availability of in-person trained
English-Spanish medical interpreters in the emergency department greatly increases patient
satisfaction (Bagchi 2010). However, despite the large volume of work in evaluating the
effectiveness of interpreting services for oral communications, little scholarly attention has been
devoted toward studying the effectiveness of written communications delivered in other
languages, including common languages such as Spanish (Flores 2005). This study compares the
accuracy of Google Translate in translating discharge instructions from English to Spanish to
that of a human translator and investigates whether patients prefer human-generated versus
computer-generated translations.
The significance of this study to public health is rooted in the fact that the act of
minimizing or overcoming language barriers presents an opportunity to increase access to highquality medical care for patients with limited English proficiency. Patients with LEP are
otherwise underserved due to their need to receive crucial medical information in another
language. Additionally, due to the time required to have the clinician’s and patient’s speech
interpreted into another language, anecdotally, the author of this study has observed that
clinicians often hesitate to care for patients with LEP.
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The clinical significance of the study is that, by identifying whether or not discharge
instructions rendered in a patient’s native language using Google Translate are accurate and
helpful to patients, departmental action can be taken to further investigate, encourage, or
discourage the use of Google Translate as a tool for facilitating written communication with
patients who have limited English proficiency. If Google Translate is found to be an adequate
tool for translating discharge instructions into Spanish, then its use can be recommended at the
clinician’s discretion. If Google Translate is found to be inadequate or even has the potential for
errors that could affect patient outcomes, then its use should be formally discouraged by the
department based on the evidence collected in this study and any similar studies that are done in
the future.

Specific Aims
The hypothesis is that, if discharge instructions are translated from English to Spanish
using human translators and then using Google Translate, the human-translated instructions will
(1) contain fewer translation errors and (2) be generally preferable to native speakers who read
them. In order to test the hypothesis, this study has the following aims:
1. To compare the error rate of human-generated (using a certified interpreter) versus
computer-generated (using Google Translate) discharge instructions. At the time of this
project, the error rate of Google Translate has not been established for discharge
instructions in any language. Consequently, by investigating the difference in errors
produced by a certified interpreter versus Google Translate, the accuracy of Google
Translate can be established.
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2. To determine whether native speakers prefer discharge instructions that are translated by
a certified interpreter or by Google Translate. At the time of this project, no other study
has attempted to determine whether computer-generated discharge instructions are an
acceptable alternative to human-generated ones. Therefore, by determining whether the
reviewers prefer human-generated or computer-generated translations of their discharge
instructions, this study can establish whether computer-generated discharge instructions
using Google Translate are an analogous alternative to using a certified interpreter to
translate them.
Given the lack of available research examining computer algorithms such as those used
by Google Translate to translate discharge instructions, this study provides an innovative insight
into a key aspect of patient-provider communication that both patients and emergency medicine
clinicians face everyday in American emergency departments.

Background
According to the 2011 U.S. Census, in the United States, approximately 65 million
people speak a language other than English at home, which is 21.3 percent of the population
(U.S. Census Bureau, 2017). Twenty-five million people speak English “less than very well,”
which is approximately 8.5 percent of the population (U.S. Census Bureau, 2017). Forty million
people speak Spanish at home, which is 13.2 percent of the total population (U.S. Census
Bureau, 2017). In the United States, 5.4 percent of people speak Spanish fluently but speak
English “less than very well” (U.S. Census Bureau, 2017). Populations with limited English
proficiency (LEP) find themselves facing a unique public health challenge because they are at
increased risk of experiencing medical errors (Gandhi, 2000). Additionally, while a patient’s
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degree of language proficiency does not strictly correlate with one’s level of health literacy,
patients with LEP are at increased risk of errors regardless of their health literacy (Sudore, 2009).
In Connecticut specifically, 21.4 percent of people speak a language other than English at
home, and 19.9 percent of those speak English “not well” or “not at all” (Ryan, 2013). In
Hartford, CT, 48 percent of residents speak a language other than English, with Spanish being by
far the most commonly-spoken language; 37.9 percent of Hartford residents speak Spanish at
home (Becker, 2014). In Hartford, the most common countries of origin for native Spanish
speakers are as follows: 77 percent are from Puerto Rico, 5 percent are from Peru, 4 percent are
from the Dominican Republic, 3 percent are from Columbia, and 4 percent are from Mexico
(Becker, 2014). The next most common languages spoken in Hartford are French (1.5 percent),
Portuguese (1.2 percent), and Serbo-Croatian (0.9%) (Cedar Lake Ventures, Inc, 2018).
While the Joint Commission requires orientation on cultural diversity and sensitivity, it
only recommends that interpreting services should be made available to patients and their
families and that the staff should be trained in how to access and utilize interpreting services
(Joint Commission, 2006). The Joint Commission does not mandate any specific standard for
how interpreters should be trained (Joint Commission, 2006). In a survey conducted by the Joint
Commission of hundreds of hospitals across the nation, 93 percent reported that the hospital has
written policies regarding language services. In a nationwide survey of hospitals in 2006, 92
percent of hospitals had telephone-based interpreting services available, which was the most
common type of oral interpreting service (Hasnain-Wynia, 2006).
For this study, research was performed in the emergency department (ED) at Hartford
Hospital, which is an 867-bed hospital and Level 1 Trauma Center located in Hartford, CT.
According to the Interpreter Services Policy at Hartford Hospital, employees are required to use
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one of several interpreting services to transmit and facilitate effective oral communication
between patients with LEP and health care providers. Authorized services that are available
include the Language Line (a dial-an-interpreter service in which the health care provider calls a
number, states the language requiring interpretation, and is matched with an interpreter who joins
the phone call, then places the call on speakerphone mode so the interpreter can hear the patient
and the health care provider talking), video interfaces (using programs such as MARTII or
DeafTalk), or authorized live interpreters.
In recent years, the Joint Commission and patient advocates have been encouraging a
trend toward making written communications for patients available in their native languages
(Joint Commission, 2006). While policies at individual hospitals vary, according to hospital
policy where this study was conducted (Hartford Hospital), all written translation of hospital
legal documents, patient information and educational materials should be arranged through
Public Relations. However, anecdotally, it has been observed that it is quite difficult to achieve
the translation requirement of the policy in the emergency department given that the duration of
time patients spend in the department is markedly shorter than the amount of time it takes
personnel in Public Relations to translate documents, particularly during nights and weekends,
when the Public Relations office is closed. Therefore, clinicians have realized that relying on
Public Relations to translate documents is logistically unfeasible, particularly in the emergency
department.
At Hartford Hospital, Spanish- and French-language handouts are often available about
certain topics through subscription to UpToDate, which is an electronic database of background
information and guidelines for clinicians. However, if a clinician would like to give written
discharge instructions with specific information tailored to that patient’s care in either language,
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the common thinking is that since something is better than nothing. Therefore, the common
practice has become to use Google Translate to translate the instructions into the patient’s native
language. Therefore, this study seeks to determine whether the translations provided by Google
Translate are adequate enough such that patients can reliably understand them. We have
examined Spanish- and Haitian Creole-language instructions, given that these are among the
most common languages spoken at home in Hartford, CT and are ones for which adequate
personnel are available to assess. For the purposes of this thesis, we will focus specifically on the
data concerning Spanish translations of the discharge instructions.

Methods and Materials
The design of the study is an observational, retrospective chart review using data from
patients who had previously received discharge instructions in English using recall tools
available in the healthcare software, Epic. No direct patient intervention was taken, since the
patients all had already been discharged. The decision was made to use existing patient records,
rather than to create sample discharge instructions for the purpose of the study, in order to test
the human translator and Google Translate by emulating the actual conditions in which they
would be used as closely as possible.
Existing discharge instructions were retrospectively extracted from patient records and
then members of the research team prospectively translated them. The study employed a repeated
measures design involving two variables: person vs computer-generated translations and Spanish
vs. Haitian Creole. For the purposes of this thesis, focus will be placed on the Spanish translation
data, since interpretation of the Creole data was performed by another individual. Due to
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resources available at the hospital, the instructions were translated into Spanish by a non-native
certified translator and into Haitian Creole by a native speaker.
All Spanish translations were completed by a medical student who had previously
obtained a certificate in English-Spanish medical interpreting from Gateway Community
College in June 2017.
Software that was used included Epic and Microsoft Excel. Interpreters were permitted
to use written and online resources to assist in translating the material and determining errors, as
would be permitted in the workplace. However, it was decided that the autocorrect functions
that are available or can be downloaded in various target languages in some word processors
should not be used, since those autocorrect functions would likely not exist in Spanish for use in
Epic, the software in which discharge instructions are prepared at Hartford Hospital.
The enrollment criteria included all patients of either gender, aged 18 to 100, who were
seen in the ED at Hartford Hospital during the first week of June 2018 (6/1/2018 – 6/8/2018).
Eligible records must have had discharge instructions printed in the chart exclusively in
English. Exclusion criteria included admission to the hospital, discharge instructions in a
language other than English, absence of discharge instructions, and death. Additionally, any
charts with viewer restrictions were excluded from the study, such as those charts which
belonged to hospital staff members, celebrities, or alleged victims of a crime who were being
treated in the ED during the study period. The anticipated volume of available discharge
instructions was approximately 1,000. To ensure the data set had enough statistical power, the
first 211 charts that met inclusion criteria were selected for inclusion in the study (see power
calculation below).
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The Spanish language involves several unique challenges with regards to medical
translation in the United States. Spanish is the third most commonly spoken language in the
world, so there is considerable international variation in how it is spoken (Mar-Molinero, 2000).
The vocabulary used can vary by country of origin, level of education, social class, and age
(Cotton et al, 2010). While it is the case that in some other predominantly Spanish-speaking
countries, the language is standardized, since the United States does not have any legallydetermined official language, there is no set standard for how to properly translate Spanish in the
United States. Although 77 percent of Connecticut’s Spanish speakers are of Puerto Rican
descent, in order to avoid any bias favoring the dialect of any individual territory or country,
when translating the discharge instructions and scoring the interpretations, no specific preference
toward any one regional variant was employed. However, certain grammatical constructs that are
somewhat unique to individual regions, such as the vosotros form that is typically used by
Spanish speakers in Spain, were avoided even though they would be intelligible to the majority
of Spanish-speakers from most regions.
After the translations were completed, two reviewers read the discharge instructions in
English followed by both the person-generated and computer-generated translations in Spanish
to independently evaluate the translations for the percentage of critical errors. Both of the
reviewers are native Spanish speakers who speak English fluently and work as resident
physicians in the emergency department at Hartford Hospital. One of the reviewers is of
Ecuadorian descent, the other is of Puerto Rican descent. Each reviewer read the source
discharge instruction in English and the two translations in the target language, Spanish. The
translations were not identified as to whether they were computer- or person-generated and
were randomized using Microsoft Excel into columns that were labeled only as A and B such
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that each column contained translations from both the human translator and Google Translate
that were divided among the columns in nearly equal proportions.
The reviewers counted the number of errors in translation in each translation.
Translation errors included the following:


Numerical errors, in which numbers were not translated correctly from one language to
another, including errors in decimal and comma placement. Numerical errors were
included in the study because problems with translating numbers could cause dosing
errors, among other problems.



Ambiguity errors, in which the translated text may have had an additional semantic
interpretation that was not present in the original text or one in which the translation
was verbatim but the resulting text is nonsensical in the target language. Ambiguity
errors were included in the study because of the prevalence of idioms in both English
and Spanish. For Spanish in particular, the correct use of dichos (sayings) has been
shown to have positive therapeutic effects in the clinical setting (Aviera 1996).



Accuracy errors, in which a word or phrase was not translated exactly as it was written
in the source language (for example, translating “cast” as “bandage,” which has a
different semantic meaning). Accuracy errors were included because it is important
that the translated text captures the appropriate semantic meaning of the source text to
avoid adverse outcomes.



Word substitutions, in which a word was used incorrectly in place of the correct word.
Word substitutions were included because anecdotally, inexperienced human translators
and computer-based algorithms such as those used by Google Translate alike are
notorious for struggling to properly translate individual words.
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Grammatical errors in which incorrect grammar affected the meaning, which were
included because of the potential for adverse outcomes if the intended meaning of the
source text was not preserved.



Grammatical errors in which incorrect grammar did not affect the meaning, which were
included because even though the intended meaning of the source text was preserved
with these types of errors, the presence of grammatical errors could potentially be
distracting to readers.



Errors in medication names or translations, which were included because of their
potential to cause adverse patient outcomes.



Errors in location, date, and time for follow up, which were included because of the risk
of adverse patient outcomes if patients are not able to properly follow-up with the
appropriate provider.



Errors in communicating the correct diagnosis, because patients are less able to make
informed decisions about their medical care while in and upon leaving the emergency
department if they are not properly informed about their diagnosis.

The reviewers were provided with a handout containing the names and descriptions of each
of the types of errors (Appendix 1). Examples of each type of error were included in the handout.
The reviewers were asked to review the handout prior to beginning counting the errors in the
translations.
In addition to counting the raw number of errors in each translation as above, the reviewers
were also asked to independently rate which of the two randomized translations they preferred,
known as the preference score. Reviewers were asked to assign a preference score based on two
factors: (1) the accuracy of the translation when compared with the source text in English, and
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(2) the readability of the text in the target language. In this way, the reviewers ranked the humangenerated and computer-generated translations not only by how accurate the translations were,
but also by how well the text flowed and how easy it was to read. With regards to the preference
scores, data in proportions format were obtained.
For each of the error categories, reviewers noted the number of that type of error they
identified in each discharge summary. A series of two-way comparisons were then performed:
(1) Google translate vs. person generated translation, and (2) Google translate vs. certified
human translation.
The kappa statistic was used to quantify the degree of interrater reliability between the
two reviewers. Once it could be established that interrater reliability was achieved, the plan
was to analyze the data by comparing the proportion of summaries with each error using a
McNemar statistic for related proportions. Then, the absolute number of errors for each
category and for all categories would have been compared for each two-way comparison using
either a paired t-test or Wilcoxon Signed Rank test depending on the underlying distribution
of the number of errors. A significance level of .05, was intended to be used. SPSSv21 was
used for all analyses. Since the kappa analysis demonstrated a lack of interrater reliability, the
additional statistical analyses could not be performed so the data was interpreted qualitatively.
The primary comparison of computer- vs person-generated translation without regard to
language or translator was used for the power calculation. The McNemar test, looking at
proportion of instructions with one or more errors of each type was selected for the calculation
as the t-test/Wilcocon tests are more powerful. This is an exploration of a new question, so the
estimates for the parameters needed were just estimated. As to clinical relevance, any error
could have profound repercussions for patients, so the threshold for tolerance should be zero
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percent. This is unrealistic for person or computer and not helpful for the calculations. For
the purposes of having some power calculation to guide the data collection, estimates of 1%
for person-generated and 5% for computer-generated errors were used. For a significance level
of .05, the study was determined to require a sample of approximately 210 cases to obtain 80%
power for a difference in proportion of that magnitude or larger using a repeated measures
design and the McNemar statistic. A total of 211 discharge instructions were therefore used.
As the patient data are all retrospective, it was decided in advance that once analyses were
completed, if it was clear that the estimates were not good and the results were suggestive but
not conclusive, additional discharge instructions could be obtained after protocol modification.
Institutional Review Board (IRB) approval for the project was obtained from Hartford
Hospital in December 2018. No funding was sought or used for this project as it involves
retrospective data analysis. Neither investigators nor patients were compensated.

Results
The initial data obtained is as follows:
Type of Error

Numerical
errors
Ambiguity
errors
Accuracy errors
Word
substitutions
Failure-totranslate errors
Grammatical
errors that

Number of Errors Using a Human
Translator
Reviewer
Reviewer Average
A
B
0
0
0

Number of Errors Using Google
Translate
Reviewer
Reviewer Average
A
B
1
0
0.5

147

22

84.5

291

70

180.5

37
47

21
50

29
48.5

87
92

37
85

62
88.5

16

8

12

56

45

50.5

5

12

8.5

19

23

21

12

affect the
meaning
Grammatical
44
162
103
63
105
84
errors that do
not affect the
meaning
Errors in
0
0
0
7
4
5.5
explaining
medications
Errors in
3
9
6
18
29
23.5
explaining
follow-up
Errors in
0
1
0.5
0
1
0.5
explaining
diagnosis
Total errors
299
285
292
634
399
516.5
Total errors,
108
101
104.5
280
224
252
not including
ambiguity
errors and
grammatical
errors that do
not affect the
meaning
Table 1. Spanish language error rates. Table 1 contains a breakdown of each type of error in
the human-translated vs. Google Translated discharge instructions. The errors are listed by
reviewer and then as a mean of the error counts performed by both reviewers. *See below for
further discussion of the error.

Once the data was collected, it was determined that there was too much variability
between each of the two reviewer’s counts of the type of errors that the analyses would not be
statistically meaningful (Table 1).
Therefore, an attempt was made to condense the data by determining whether each
translation contained any errors, rather than by the total raw number of errors in each translation
(Table 2). The condensed data demonstrates that both reviewers consistently found that more of
the Google Translate instructions contained errors than the human-translated instructions.
However, when the kappa statistic was performed to determine reviewer accordance was
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performed, the obtained value was 0.47, which vastly differed from the 0.05 value needed for
statistical significance of reviewer agreement after controlling for agreement based on chance
(Table 3).

Reviewer

Number of human
Number of Google Translate
translations with errors (%)
translations with errors (%)
Reviewer A
72 (34.1%)
135 (64.0%)
Reviewer B
75 (35.5%)
142 (67.3%)
Table 2. Condensed data. Instead of listing the raw number of errors in each translation, each
translation was then categorized based on whether any errors were present.

HTSpanA * HTSpanB Crosstabulation
HTSpanB
.0
1.0
HTSpanA .0
Count
92
47
Expected Count 89.6
49.4
1.0
Count
44
28
Expected Count 46.4
25.6
Total
Count
136
75
Expected Count 136.0
75.0

Total
139
139.0
72
72.0
211
211.0

Symmetric Measures
Asymp. Std.
Value
Errora
Approx. Tb Approx. Sig.
Measure of
Kappa
.050
.069
.730
Agreement
N of Valid Cases
211
a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

.465

Table 3. Kappa analysis. HTSpanA refers to Reviewer A’s scoring of the human translator data
for Spanish. HTSpanB refers to Reviewer B’s scoring of the human translator data for Spanish.
A value of 0 indicated that no error was present, whereas a value of 1 indicated than an error was
present. The obtained kapp value, 0.465, indicates that chance alone cannot be ruled out to
explain the agreement between raters. Analysis performed by Dr. Jyoti Chhabra.
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In contrast to the data pertaining to the number of errors, the preference scores fared
much better because they had significantly more interrater reliability (Table 4). There was some
discrepancy in whether a reviewer preferred the human translation or had no preference between
the two translations; however, this could be attributed to Reviewer A being more selective than
Reviewer B in choosing whether he preferred a specific translation. Upon review of the raw data,
Reviewer A only listed “no preference” when both the human and Google Translate translations
contained the exact same text; otherwise, he chose one translation. Reviewer B was more flexible
in his preferences, and when either of the two translations were grammatically correct and
semantically analogous but varied slightly in a style, he did not indicate a specific preference
toward one translation. Despite the differences in selectivity, both reviewers agreed exactly when
they preferred Google Translate instead of the human translation. Therefore, the specificity of
the preference scores is likely high given that the high level of interrater reliability with regards
to when the reviewers preferred the translations provided by Google Translate.
Reviewer A
Number of
instructions
174

Percent
of total
82.0%

Reviewer B
Number of
instructions
155

Percent
of total
73.1%

Average
Number of Percent
instructions of total
164.5
77.9%

Human
translation
preferred
Google
32
15.2%
32
15.2%
32
15.2%
Translate
preferred
No preference 6
2.8%
25
11.8%
15.5
7.3%
Table 4. Spanish language translation preference scores. Table 2 contains a breakdown of the
preference scores for the human-translated and Google Translated discharge instructions. The
preference scores were then averaged as a mean of the scores provided by both reviewers.

During the process of interpreting the raw data, it became clear that there were several
critical errors that were present in the discharge instructions translated by Google Translate but
not those prepared by the human translator. Google Translate contained several errors in
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medications, whereas the human-translated instructions contained none (Table 5). Examples of
one of the more potentially serious errors is below:
Reference
Number

Source Text
(excerpt)

99

Take Regular
strength tylenol
take 1-2 tablets
every 4-6 hours
while symptoms
last

Human
Translator
(excerpt)
Tome Tylenol de
fuerza regular, 12 pastillas cada
4-6 horas
mientras tiene
síntomas.

Google Translate Problem
(excerpt)
Tome
regularmente
Tylenol fuerte,
tome 1-2 tabletas
cada 4-6 horas
mientras los
síntomas

Instruction would
likely be
interpreted to
mean, “Take
regularly extrastrength Tylenol,
take 1-2 tablets
every 4-6 hours
while
symptomatic,”
causing a possible
Tylenol overdose,
which could be
fatal. If this
instruction was
followed, the
person could have
taken up to 6000
mg of Tylenol in a
24-hour period,
which drastically
exceeds the toxic
dose of >4000 mg
in a 24 hour
period.
Table 5. Significant error in medication instructions. If the instruction above was followed as
it is written, the patient could have taken a toxic dose of Tylenol.

With regards to the critical errors pertaining to follow-up, again, the Google Translate
instructions had several critical errors, whereas the human-translated had none (Table 6).
Reference
Number

Source Text
(excerpt)

26

We are giving
you information
for follow-up if

Human
Translator
(excerpt)
Estamos dado
información para
un seguimiento.

Google Translate Problem
(excerpt)
Si obtiene
resultados
positivos en el

Patient is
instructed to
follow-up only if

16

you have
positive culture
results please
consider followup for baseline
HIV and
hepatitis
screening.

62

110

126

Por favor
considere un
seguimiento para
hacer pruebas al
VIH y la
hepatitis.

cultivo, le
brindamos
información para
el seguimiento.
Considere el
seguimiento para
las pruebas de
detección del VIH
y la hepatitis.

the results are
positive, whereas
the provider likely
intended for the
patient to followup regardless, and
additionally, if the
results are
positive, to also
consider following
up for screening
for HIV and
hepatitis. The
source instruction
is also problematic
in this example
because it is also
unclear for the
same reason.
See your
Haga una cita
Consulte a su
Translation does
primary care
con su médico de También es
not make sense. (It
physician as well atención primaria posible que el
reads: “Consult
in 1 week for
en 1 semana para médico de
your It is also
staple removal.
extraer las
atención primaria possible that the
grapas.
lo haga en 1
primary care
semana para la
physician does it
extracción de
in 1 week for the
alimentos básicos. extraction of basic
foods.”)
Return to the
Regrese al
Regrese al
Instead of
emergency
departamento de servicio de
instructing the
department for
emergencias para urgencias para el
patient to followpain in the
el dolor en la
dolor en la
up in the
extremity,
extremidad, falta extremidad, falta
emergency
shortness of
de aliento, dolor
de aliento, dolor
department, the
breath, chest
del pecho o
en el pecho o
instruction advises
pain, or
disminución de la disminución de la the patient to
decreased ability capacidad para
capacidad para
follow-up with
to exercise.
hacer ejercicios.
hacer ejercicio.
urgent care, which
is an inappropriate
level of care for
this patient with
dyspnea.
Return to ED if
Regrese al
Regrese a la
Google Translate
fever, chills,
departamento de disfunción eréctil translated “ED”
headache,
emergencias si
si tiene fiebre,
(as in “emergency
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dizziness, chest
pain, difficulty
breathing,
nausea,
vomiting, leg
pain/swelling
and/or
worsening
symptoms.

162

Please consult
your
gastrointestinal
doctor as
necessary if the
symptoms do
not. Stop for
further
evaluation and
management.

tiene fiebre,
escalofríos, dolor
de cabeza,
mareos, dolor del
pecho, dificultad
para respirar,
náuseas, vómitos,
dolor / hinchazón
de las piernas y/o
empeoramiento
de los síntomas.
Por favor,
consulte a su
médico
gastrointestinal
según sea
necesario si los
síntomas
persisten para
más evaluación y
tratamiento.

170

Return to the
nearest
emergency
department
immediately
with severe or
persistent pain,

Regrese
inmediatamente
al departamento
de emergencias
más cercano con
dolor intenso o
persistente,

escalofríos, dolor
de cabeza,
mareos, dolor de
pecho, dificultad
para respirar,
náuseas, vómitos,
dolor / hinchazón
de las piernas y
empeoramiento
de los síntomas.

department”) as
“erectile
dysfunction.”

Por favor,
consulte a su
médico
gastrointestinal
según sea
necesario si los
síntomas no lo
hacen. parada
para una mayor
evaluación y
gestión.

Regrese de
inmediato al
servicio de
urgencias más
cercano con dolor
intenso o
persistente,

Google Translate
added unnecessary
punctuation such
that the translation
does not make
sense: “Please
consult your
gastrointestinal
doctor as
necessary if the
symptoms do not.
Stop for further
evaluation and
management.”
Although the
source instruction
is problematic due
to the incorrectly
placed period, it is
likely that English
speakers would
recognize the typo
in the source text;
however, it
becomes
completely
nonsensical in
Spanish.
Instead of
instructing the
patient to followup in the
emergency
department, the
instruction advises
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persistent nausea
or vomiting, or
any other new or
worsening
symptoms.

náuseas o
náuseas o vómitos the patient to
vómitos
persistentes, o
follow-up with
persistentes, u
cualquier otro
urgent care, which
otros síntomas
síntoma nuevo o
is an inappropriate
nuevos o que
que empeore.
level of care for
empeoren.
this patient.
Table 6. Significant errors concerning follow-up. Examples are included of some of the
significant errors that would have impacted a patient’s ability to follow-up with the appropriate
level of care or provider.

Again, with regards to other instructions pertaining to patient management, the Google
Translate instructions contained significantly more errors than the human-translated instructions.
However, unlike errors in medication instructions and follow-up, since errors in management
were not distinguished from other types of errors by the reviewers above, the total number of
errors in management cannot be determined from the data available at present. An attempt to
count the number of management-related errors without consulting the reviewers would
introduce selection bias; consequently, no attempt to count the number of management-related
errors was independently performed at the time of this writing.

Reference
Number
47

Source Text
(excerpt)

Human
Translator
(excerpt)
Do not submerge No sumerja su
your hand in
mano en agua
dirtywater no
sucia, no nade
swimming until
hasta que la
lac is healed and laceración se
sutures removed. cure y se retiren
las suturas.

Google Translate Problem
(excerpt)
No sumerja su
mano en agua
sucia, no nade
hasta que la laca
se cure y se
retiren las suturas.

Google Translate
translated
“lac”[eration] as
“lacquer,” so
instead of being
instructed to avoid
submerging the
hand in water until
the laceration is
healed, the patient
was advised not to
submerge the hand
in water until the
lacquer is cured.
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The patient may
interpret the
instruction to
mean that some
type of lacquer or
skin glue was
applied to the skin,
which did not
happen, and might
allow his/her hand
to become wet
rather than waiting
until the laceration
is healed.
Table 7. Significant error concerning management. An example is included of one of the
significant errors that would have impacted a patient’s ability to follow the instructions provided
by the clinician with regard to managing their medical problem. In this case, the patient might
not have understood that they cannot get the affected skin wet until the laceration has healed.

Discussion
The Spanish-language discharge instructions translated using Google Translate had
significantly more errors than the human-translated ones. The breakdown of each error type was
not statistically significant due to problems with interrater reliability. For the purposes of the
analyses, ambiguity errors and grammatical errors that did not affect the meaning of the text
were excluded from the study for reasons that are explained below.
According to Reviewer A, Google Translate had 2.6 times more errors than the human
translator, and according to Reviewer B, Google Translate had 2.2 times more many errors than
the human translator (calculations performed using data from Table 2). While these numbers
alone do not condemn Google Translate, when the types of errors are broken down further, one
can see that types of errors that were made in the human translations had a potential for causing
an adverse patient outcome. A large percentage of the errors that the human translator had were
accuracy errors, which are errors in which the exact, literal meaning of the instruction was not
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preserved but the translation was still acceptable in its semantic meaning. Accuracy errors can
occur due to human translator interpretation, preference, or natural manner of speaking and are
not necessarily problematic if the interpreter is altering the text to make it more comprehensible
to the reader. For example, by translating “CT scan” as “tomografía” [tomography] instead of
“escaneo CT,” which is a less technically-accurate but still acceptable translation that may have
been chosen by the human interpreter because it is a more commonly-used term for “CT scan”
than “escaneo CT.” Regardless, it would have been coded as an accuracy error in this study.
The other type of error that was commonly seen in the human-translated instructions was
word substitutions, although these also occurred at a significantly lower rate in the human
translations than in Google Translate. Word substitutions can occur in human-translated text
because of a lack of adequate familiarity with the source or target language, translator fatigue, or
a lack of adequate familiarity with medical knowledge.
Google Translate had 6.4 times more errors in explaining the diagnosis, how to take any
medication, and follow-up than the human translator, which were errors with the potential for a
possible adverse clinical outcome. As will be discussed further below, this finding presents an
opportunity for future research.
It is acknowledged that counting errors can be a subjective process and is therefore
muddled by the fact that there was some reviewer leeway in how to define each of the types of
errors. Upon reviewing the raw data with the error counts, it is apparent that what each reviewer
counted as an error varied. For example, in one of the Spanish translations, there was a phrase
with both a grammatical error and a word substitution in it. Since the reviewers had not been
trained in whether errors could be mutually exclusive, in this example, Reviewer A counted the
error twice because it contained two different types of errors, whereas Reviewer B counted it as
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one error and chose which error he believed to be more egregious. It is also possible that some of
the variation in the error counts in the study can be attributed to the fact that although this study
was designed by individuals with training in medical interpreting, none of the personnel who
completed this study have specific training in linguistics.
The types of errors that varied the most between each reviewer were ambiguity errors and
grammatical errors that did not affect the meaning. The decision was made to exclude these types
of errors from the analyses because there was so much variance between the error counts
provided by the two reviewers. Upon discussion with the reviewers, it became clear that it was
difficult to count ambiguity errors because there was no clear standard provided to them for
determining whether a translation has an additional semantic interpretation that did not exist in
the source text. Likewise, for grammatical errors that did not affect the meaning, again, the
instructions provided to the reviewers did not explain what type of grammatical errors counted.
For example, one reviewer counted the absence of a comma where it should have been to be a
grammatical error that did not affect the meaning of the text, whereas the other reviewer did not
count a missing comma as a grammatical error.
Given that a decision was made in advance that if interrater reliability was poor, as it
turned out to be the case, the protocol would be modified and the errors would be counted again.
The course of action that remains is to modify the protocol as follows. First, instead of counting
the raw number of errors in each translation, what this study seeks to do more explicitly is to
determine whether adverse patient outcomes could occur as a result of errors in translation.
Therefore, the reviewers should instead count only the errors that could cause an adverse patient
outcome, either directly by causing the patient to undergo an action that could cause harm, such
as taking an incorrect dose of medication, or indirectly by causing the patient to avoid an action
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that could prevent harm, such as not communicating to the patient that he should return to the ED
if there was no improvement in his symptoms. Furthermore, these errors that have the potential
to cause an adverse patient outcome, called critical errors, would be a more accurate reflection of
the accuracy of Google Translate than the raw number of errors alone.
One unexpected finding in the discharge instructions was the variable quality of the
source text in English. Upon reviewing the raw data, the author of the study was surprised to find
many grammatical errors in the English instructions. For example, punctuation was sparse or
absent in some of the instructions. In the author’s observations, it is common for emergency
physicians to dictate discharge instructions using Dragon software, so the author posits that some
of the physicians likely did not dictate punctuation into the instructions. Google Translate
produced significantly more errors in translations in which punctuation was inadequate or absent
in the source text. A significant number of the original discharge instructions contained many
grammatical errors. Some of the instructions also contained ambiguous language that was
difficult to translate. For example, there were a few instructions that contained the phrase “Push
fluids,” which the human translator interpreted to mean “Drink [with emphasis] fluids” and
therefore translated it as, “Drink fluids.” Google Translate translated this phrase as “Empuje
fluídos,” which was deemed to be nonsensical by both reviewers. Several of the translations also
contained medicolegal jargon that was somewhat awkward to translate as intended, such as
“Take the medication as directed.”
Some frequent phrases that Google Translate struggled with included the abbreviation
“ED” (as in “emergency department”), which it often translated as “erectile dysfunction.”
Instructions in which “emergency department” was written out did not fare much better, because
Google Translate often translated “emergency department” as “urgent care center.” Google
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Translate also made frequent mistakes in translating the word “dressing” (as in “bandage”),
which it often translated as the type of “dressing” that one might put on a salad.
With regard to the external validity of our analyses, there was so much variation between
each of the two Spanish-language reviewers that the study should be repeated after the protocol
is modified in order for it to have the possibility of offering significant external validity. Perhaps
the most significant lesson learned from the failure of the methodology behind this project was
that the errors should have been defined more explicitly when training the reviewers. Since the
reviewers were physicians, not linguists, a future attempt at data collection should focus on
having the reviewers identify errors with potential adverse patient outcomes, rather than counting
the raw number of errors between the translations, because the latter project is probably better
suited to investigators with a background in linguistics.

Conclusions
According to the data obtained in this study, the translations completed using Google
Translate contained substantially less errors than those performed using Google Translate, and
patients would have overwhelmingly preferred the human-translated instructions as opposed to
those translated using Google Translate. However, further work to confirm these findings is
needed because of the lack of adequate interrater reliability in this study. Ideally, the project
could be repeated with a similar methodology, but instead of recruiting physicians as reviewers
to count the errors, linguists could instead be recruited. However, given that the question of
whether Google Translate is an appropriate tool to use in a clinical setting is more of a question
of its utility and safety rather than its accuracy, repeating the study with modification of the
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protocol so that the physician reviewers instead count only the errors that could cause an adverse
patient outcome rather than the number of errors in the text would likely be more useful.
With regard to the further implications of this project, for similar romance languages with
high concordance to Spanish, such as Portuguese, which is the third-most common language
spoken in Hartford, it is reasonable to suspect that Google Translate might perform similarly to
the Spanish instructions. Therefore, while the author does not recommend using Google
Translate based on the results of this study, she concedes that in some hospital systems which
lack sufficient interpreting resources, it will most likely continue to be used. Therefore, given the
general usability of Google Translate-generated translations as found in this study, a case could
be made for further investigation of web-based translation services for other Romance languages
since they have a similar concordance to Spanish.
Finally, although it is outside of the scope of this study, perhaps another problem with
electronic or online interpreting services that was encountered during this study is that is services
such as Google Translate present a possible HIPAA compliance issue. By copying and pasting
discharge instructions directly into Google Translate, it is possible that sensitive and identifying
medical information is being transmitted to companies like Google. Therefore, if the data
acquired in this study is not persuasive enough to dissuade the use of Google Translate, perhaps
it is appropriate for HIPAA compliance officers to train physicians to remove any HIPAAprotected information prior to translating an instruction using a web-based service like Google
Translate. A placeholder could be used (such as [X]), as it was in this study, any time potentially
identifying information is included in the instruction, and then the clinician could manually
replace the placeholder with the intended text after copying and pasting the translated text from
Google Translate into the discharge instruction window.
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Appendix 1. Handout used to train the Spanish and Haitian Creole reviewers. A printout of
the 3-page handout used to train the reviewers is above.
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